Abstract -Karyotypic study of 15 populations and meiotic analysis of 7 populations belonging to 4 Secale subspecies and varieties grown wild in Iran were performed for the first time. The subspecies and varieties studied possessed 2n = 2x = 14 chromosome number, varied in their karyotypic formulae and symmetry and in their total chromatin length as well as size of the chromosomes, indicating the occurrence of both structural and quantitative changes in their genomes during the species diversification. The species studied formed mainly bivalents in metaphase of meiosis-I with a low amount of univalents and quadrivalents.
INTRODUCTION
The genus Secale L. (Poaceae) is comprised of annual (rarely perennial) herbaceous species mainly growing in Mediterranean, Eastern Europe to central Asia, and South Africa. The base chromosome number of the genus is x = 7, the chromosomes are large (DALLWITZ and WATSON 1992) , with haploid nuclear DNA content 7.2-9.5 pg (mean 8.3) and mean diploid (2c) DNA value of 16.8 pg (14.8-19.0) . The taxonomy of the genus Secale (rye) has for a long time been a matter of disagreement, despite the large number of studies performed. Historically, about 15 different species have been accepted (DELIPAVLOV 1962) , while FREDERIKSEN and PETERSEN (1998) recognized only three Secale species, i.e. S. sylvestre, S. strictum (plus the subspecies ssp. strictum and ssp. africanum and the varieties var. strictum and var. ciliatoglume) and S. cereale (plus ssp. cereale and ssp. ancestrale).
Controversy exists also in the number of Secale species growing in Iran. BOR (1970) in Flora Iranica reports the presence of 7 Secale species, while MOBAYYEN (1981) and PARSA (1950) report 6 and 2 species growing in the country respectively. The most recent taxonomic study of the genus in Iran by (SAEBEI unpublished data) supports the FRED-ERIKSEN and PETERSEN (1998) consideration of the genus with only exception that the species S. sylvestre is not available in Iran. The present study considers the karyotypic study of 15 populations and meiotic analysis of 7 populations of 3 Secale sub-species and varieties growing wild in Iran for the first time, in order to identify the karyotypic and meiotic differences among the subspecies and varieties studied.
MATERIALS AND METHODS
Karyotypic studies -Karyotypic studies were performed in 15 populations of 3 Secale sub-species and varieties (Table 1) . Freshly grown root tips were collected from the seeds of at least 10 randomly selected plants in each species/population. The pretreatment, fixation and squash method followed our earlier report (SHEIDAI et al. 2000) . The somatic chromosome number and karyotypic details were studied in at least 5 well prepared metaphase plates and the mean values were used for the analysis.
The chromosomes were identified according to LEVAN et al. (1964) , karyotype symmetry was determined according to STEBBINS (1971) and ROMERO-ZARCO (1986) , while other karyotypic parameters like total form percentage (TF%), and coefficient of variation (CV) were also determined (SHEIDAI et al. 2000) .
The analysis of variance test (ANOVA) was performed to reveal a significant difference in the size of chromosomes among the populations and the species studied (SHEIDAI et al. 1999) .
Cytogenetical studies of some species of the genus Secale L. (Poaceae) in Iran
The species were grouped based on similarity in their karyotypic features, by using UPGMA (Unweighted Paired Group with Arithmetic Average) and Neighbor Joining (NJ) clustering methods as well as ordination based on principal coordinate analysis (PCO) (SHEIDAI et al. 2000) . Meiotic studies -Meiotic studies were performed on 6 populations of 3 subspecies (Table 2) . Young flower buds were collected from 10 randomly selected plants of each species/ populations. Cytological preparations followed the earlier report (SHEIDAI et al. 2005) . The analysis of variance (ANOVA) was performed among populations and the species studied to detect significant difference in chiasma frequency and distribution as well as chromosomes association (SHEIDAI et al. 2002) while, c 2 test was performed to show significant difference in meiotic abnormalities (SHEIDAI and JALILIAN 2006) . Statistical analyses used SPSS ver. 9 (1998) and NTSYS ver. 2.01 (1998) software. The voucher specimens are deposited in Herbarium of Shahid Beheshti University (HSB) and TARI. 
RESULTS AND DISCUSSION
The results of karyotypic studies are presented in Table 1 (Figs. 1-4) . All subspecies and varieties studied were diploid with 2n = 14 chromosome number, having metacentric (m) and sub-metacentric (sm) chromosomes showing a gradual decrease in the size. The chromosome numbers reported here support the earlier reports (LEE et al. 1979; QI et al. 1998; FREDERIKSEN 1993) .
ANOVA test revealed a significant difference for the size of chromosomes among the species and populations studied indicating a significant difference in the chromatin (DNA) material. The species studied also differed in the karyotypic formulae indicating the occurrence of structural changes in the chromosomes.
Kashan population of S. strictum ssp. strictum var. strictum showed the highest values of total chromatin length (202.90 µm), size of the shortest chromosome (22.95 µm) and the mean chromatin length (28.98 µm), while Alamoot population of S. cereale ssp. ancestrale showed the lowest values for size of the longest and shortest chromosomes as well as the mean chromatin length (23.32, 15.49 and 18.59 µm respectively).
Kordestan population of S. cereale ssp. cereale showed the highest value of coefficient of variation (CV = 20.69) for the size of chromosomes indicating the highest degree of change in the chromosomes size, while Meshkinshahr population of the S. strictum ssp. strictum var. strictum showed the lowest value of CV (15.18).
The Secale species studied occupy 1A class of STEBBINS karyotype classification which is the most symmetrical (primitive) karyotype class in this system. However Kashan population of S. strictum ssp. strictum var. strictum with the highest A1 value (0.36) of ROMERO-ZARCO possesses the most asymmetrical karyotype among the populations studied. UPGMA and Neighbor joining (NJ) clustering as well as PCO ordination based on their karyotypic characteristics, produced similar groupings of the species studied (Table 3; Figs. 3 & 4) . Some of the populations from each species show similarity and are placed close to each other, while the other populations are scattered in the dendrogram. S. cereale ssp. cereale (denoted cc in Figs. 3  & 4) shows affinity of to S. cereale ssp. ancestrale (denoted ca) supporting our morphometric studies (unpublished data) and taxonomic treatment of the genus in Flora Iranica (BOR 1970) .
Meiotic analysis showed n = 7 (2n = 2x = 14; Table 2 , Fig. 5 ) chromosome number in the species studied, supporting the karyotypic results. Hamedan population of S. cereale ssp. cereale showed the highest value of total and terminal chiasmata (14.80 & 13.50 respectively) while Saghez population of S. strictum ssp. strictum var. strictum showed the highest value of intercalary chiasmata (10.80).
The populations studied mainly formed ring and rod bivalents in metaphase of meiosis-I, with a low amount of univalents in some of the populations (Table 2 ). Saghez population of S. strictum ssp. strictum var. strictum is the only diploid species forming a very low amount of quadrivalents, possibly due to occurrence of heterozygote translocations possibly increasing the amount of genetic variability in the gametes by forming new genetic linkage groups. The ANOVA followed by LSD test showed a significant difference in most of the meiotic characteristics studied among the populations studied indicating their genetic differences. Variation in chiasma frequency and localization is genetically controlled (COUCOLI et al. 1975) and has been reported in populations of different grass species like Aegilops, Lolium and Festuca. Such a variation in the species/populations with the same chromosome number is considered as a means for generating new forms of Table 1 ). recombination influencing the variability within natural populations in an adaptive way.
Most of the populations studied showed some cases of laggard chromosomes and stickiness during anaphase I and II (Fig. 5, F & G) . Some of the laggard chromosomes formed micronuclei which were then moved to the periphery of pollen mother cells and finally omitted from the cell (Fig. 5,  H) . Sticky chromosomes were observed from early stages of prophase and continued to the final stages of meiosis. The number of chromosomes involved in stickiness varied from two to many forming a complete clumping of the chromosomes (Fig. 5, D) . The species and populations differed significantly in the values of laggard chromosomes as well as chromosomes stickiness (p <0.05).
The genetic, environmental factors and genomic-environmental interaction are the main reasons for chromosome stickiness (NIRMALA and RAO 1996; BAPTISTA et al. 2000) . Such meiotic abnormalities may cause some degree of pollen sterility in Secale species studied.
Saghez and Isfahan populations of S. strictum spp. strictum var. strictum showed chromosome/ chromatin migration in different directions from early prophase to late telophase II (Fig. 5, J) . These populations also showed aneuploid meiocytes possessing extra as well as reduced number of chromosomes in metaphase of meiosis-I (Fig. 5, K) , and the formation of pollen grains with extra chromatin materials (Fig. 5, L) . Migration of chromatin material among the adjacent meiocytes occurs through cytoplasmic connections originated from the pre-existing systems of plasmodesmata formed within the anther tissues. The plasmodesmata become completely obstructed by the deposition of callose, but in some cases they persist during meiosis and increase in size forming conspicuous intermeiocytes connections or cytomictic channels that permit the transfer of chromosomes. Cytomixis has been reported in several plant species leading to the formation of aneuploid as well as polyploid meiocytes (FALISTOCCO et al. 1995) .
Cytomixis leads usually to aneuploidy and reduction in fertility of plants, therefore it is considered to be of less evolutionary significance, however it may bring about new genetic variability by producing aneuploid and polyploid gametes and new phenotypic characters as reported in other plants (FALISTOCCO et al. 1995) . Therefore cytomixis may be in part responsible for pollen infertility of the S. strictum spp. strictum var. strictum popultions studied. B-chromosome -The Eghbaliyeh population of S. cereale ssp. cereale possessed 0-1 B-chromosome (Fig. 5, H ), which were much smaller than the Achromosomes, round in shape and did not pair with the A-chromosomes or among themselves. B-chromosomes are accessory chromosomes occurring in more than 1300 species of Plants and almost 500 species of animals (CAMACHO et al. 2000) . B-chromosomes of 0-6 have been reported in S. cereale by other workers too (BANG and LEE 1986) , but not in the other Secale species which is an interesting point.
